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Description 



REFERENCE TO RELATED APPLICATION 

[0002] This application claims priority under 35 U.S.C. [section] 11 9(a) to Finnish patent application number 
19992223, filed Oct. 14, 1999. ' 
BACKGROUND OF THE INVENTION 
[0003] 1 . Field of the Invention 

[0004] The present invention relates to the fabrication of oxide films by the Atomic Layer Epitaxy (ALE) 
process, which is generally also known by the name of Atomic Layer Deposition (ALD). The invention 
relates in particular to a process for the fabrication of thin oxide films by the ALD method by using an 
oxygen-containing organometallic compound as the oxygen source material. 
[0005] 2. Description of the Related Art 

[0006] The continual decrease in size of microelectronics components is leading to a situation in which 
Si02 can no longer be used as the gate oxide in metal oxide semiconductor field effect transistors 
(MOSFET), since, in order to achieve the required capacitances, the Si02 layer should be made so thin 
that the tunneling current would grow detrimentally high in terms of the functioning of the component To 
avoid this problem, Si02 has to be replaced with an insulator having a higher dielectric constant. In this 
case, the insulator may be in a thicker layer than Si02. 

[0007] Materials having sufficiently high dielectric constants are numerous, but there is the problem that the 
insulator must be prepared on top of silicon so that: 

[0008] either a very thin or no Si02 layer forms between the silicon and the insulator, which reduces the 
total capacitance according to the equation 
[0009] 1/C(tot)=1/C(insulator)+1/C(Si02), 

[0010] there are very few electrically active error states on the interface between the silicon and the 

insulator, because the charge trapped in them has a negative effect on transistor properties such as 

threshold voltage, transconductance and stability, and 

[001 1] the thickness and uniformity of the insulator are precisely controlled. 

[0012] Without a thin Si02 layer on the interface between the silicon and the insulator it is difficult to 

produce a situation in which there would be very few electrically active error states on the interface. Thus it 

would be preferable that the structure of the interface would be an Si-Si02 insulator wherein the thickness 

of the Si02 layer would be one or two atom layers. 

[0013] When an oxide film is deposited on silicon, the surface of the silicon tends to oxidize, forming a Si02 
layer which is too thick. The oxidation of silicon may be due to reactions with the oxygen source used in the 
process, reactions with the oxide insulator, or diffusion of oxygen. If the insulator selected is a metal oxide 
thermodynamically more stable than Si02 (e.g. Zr02, Hf02, AI203), oxidation can take place only under 
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the effect of the oxygen source used in the deposition process. On the other hand, if the process is carried • 
out at a sufficiently low temperature, the formation of an Si02 layer may be hindered kinetically even if it 
were thermodynamically possible. 

[0014] ALD (ALE, ALCVD) is a process, described, for example, in U.S. Pat. No. 4,058,430. for the growing 
of thin films. In the process, a thin film is deposited by means of alternating saturated surface reactions. 
These reactions are implemented by directing gaseous or vaporized source materials alternately into the 
reactor and by rinsing the reactor with an inert gas between the source material pulses (T. Suntola, Thin 
Solid Films 215 (1992) 84; Niinisto et al., Materials Science and Engineering B 41 (1996) 23). Since the 
film grows through saturated surface reactions, the growth is self-controlled, in which case controlling thfe 
film thickness by the number of reaction cycles is precise and simple. Films deposited by the ALD process 
are of uniform thickness over even large surface areas, and their conformality is excellent. Process 
technology and equipment are commercially supplied under the trade mark ALCVD(TM) by ASM 
Microchemistry Oy, Espoo, Finland. 

[0015] The metal source materials used in the oxide processes in ALD are metal compounds of many 
types, in particular halides, alkoxides, [betaj-diketonates, alkyls, or cyclopentadienyls (for example, M. 
Leskela and M. Ritala, Journal de Physique IV 9 (1999) Pr8-837; Niinisto et al., Materials Science and 
Engineering B 41 (1996) 23). The most commonly used oxygen source materials are water, hydrogen 
peroxide and ozone. Alcohols, oxygen and nitrous oxide have also been used. Of these, oxygen reacts 
very poorly at the temperatures below 600[deg.] C. commonly used, but the other oxygen sources are 
highly reactive with most of the metal compounds listed above. On the other hand, these oxygen sources 
may also oxidize the silicon surface, thus producing the excessively thick intermediate layer of SI02 
previously described between the silicon and the oxide film. 

[0016] The total reaction of a typical pair of source materials, a metal oxide and water, can be presented in 
the following form 

[0017] M(OR)a+a/2H20->MOa/2+aROH, 

[001 8] where M stands for a metal, R is a hydrocarbon, and a is the valence of the metal M. Metal 
alkoxides may also break down thermally, producing the corresponding metal oxides. However, this is nqt 
desirable in the ALD process, because the most important characteristic-self-control of the deposition-is 
lost through thermal breakdown. 

[0019] Drozd et al. in their article describe an ALD process in which an oxide made up of oxides of 
aluminum and chromium is produced by exposing a substrate consisting of a silicon crystal to alternate 
pulses of chromyl chromide (Cr02CI2) and trimethyl aluminum (AI(CH3)3) (Drozd et al., Applied. Surface 
Science 82/83 (1994) 587). However, relatively few metal oxochlorides are volatile at temperatures below 
500[deg.] C, a fact which limits the usability of processes of this type in particular in applications of the 
semiconductor industry, where process temperatures above 500[deg.] C. are not desirable. 
[0020] The object of the present invention is to eliminate the problems associated with the prior art and to 
provide an entirely novel solution to the problem of growing thin oxide films by ALD. 
SUMMARY OF THE INVENTION 

[0021] One aspect of the invention involves a method for growing thin oxide on the surface of a substrate. 
The surface of the substrate is alternately reacted with a metal source material and an oxygen source 
material. Advantageously, the oxygen source material is a boron, silicon, or metal compound which has at 
least one organic ligand and where an oxygen is bonded to at least one boron, silicon or metal atom. 
[0022] According to the first preferred embodiment of the method of the invention, oxygen-containing 
organometallic compounds (M(OR)a) are used in the process not only as the oxygen source material but 
also as a second metal source material. The oxygen-containing organometallic compounds react with the 
metal compound used as the metal source material. According to the first embodiment of the invention, the 
same metal is used in the oxygen source material and the metal source material. 
[0023] According to a second preferred embodiment of the invention, different metals are used, in which 
case fTiore complicated oxide structures can be grown. According to a third preferred embodiment of the 
invention, the metal source material also contains oxygen. In this case the source materials are preferably 
two alkoxides. 

[0024] According to a fourth preferred embodiment of the invention, a protective layer is deposited on the 
surface of a readily oxidizing substrate material. The protective layer is typically fewer than 20, preferably 
fewer than 10, and especially preferably approximately 1-5 atom layers thick. When the substrate has been 
covered with a film thus deposited, the deposition is continued by some other process, for example, by 
using water or hydrogen peroxide as the oxygen source material. 

[0025] According to a fifth preferred embodiment of the invention, the substrate material, typically silicon, is 
treated in order to remove the native oxide before the growing of the film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0026] FIG, 1 shows a graph of the growth rate and the refractive index as functions of the ti(OCH(CH3)2) 
4 pulse time; and 

[0027] FIG. 2 shows a graph of the Zr/(Zr+Ti) composition ratios and the chlorine residues, determined by 
the EDX method, as a function of the Ti(OCH(CH3)2)4 pulse time. . . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0028] The present invention is based on the idea of using in the ALD process oxygen source materials 
which react well with a metal compound but which are less active as regards the oxidation of the substrate. 
Such oxygen sources include organometallic compounds in which the oxygen atom(s) is (are) bound to a 
metal, i.e. compounds which comprise at least one organic ligand and in which the metal atom(s) is (are) 
bound to oxygen. Metal alkoxides are preferably used. 

[0029] Considerable advantages are achieved by means of the invention. Owing to the new oxygen source 
materials, ALD can also be exploited in applications in which present-day oxygen source materials cause 
problems, for example, by oxidizing the substrate surface, Since oxygen is bound directly to the metal in 
the metal compounds to which the invention relates, oxidation of the substrate surface presupposes the 
breaking of the metal-oxygen bond. On the other hand, the metal-oxygen bond can be affected by the 
selection of the metal and the compound type. Thus, for example, according to the present invention, thin 
oxide films can be deposited on silicon surfaces by ALD. Volatile organometallic compounds usable as 
oxygen-containing source materials, in particular metal alkoxides, are known for most metals. Thus the 
introduction of various metal ions into the oxide structure is possible by the process according to the 
present invention. 

[0030] Films can be grown rapidly by the process according to the invention. The typical growth rate is, 
depending on the deposition temperature and the source materials, approximately 0.1-2 . typically 0.5-1 .4 
per cycle. 

[0031] The properties of the films deposited by the process correspond to those of films deposited by other 
processes. Thus the dielectric constant of the thin oxide films is sufficient for many uses in • 
microelectronics. 

[0032] The invention is discussed below in greater detail with the help of the accompanying graphs. 
[0033] FIG. 1 shows the growth rate and the refractive index as functions of the Ti(OCH(CH3)2)4 pulse' 
time. FIG. 2 shows .the Zr/{Zr+Ti) composition ratios and the chlorine residues, determined by the EDX 
method, as a function of the Ti(OCH(CH3)2)4 pulse time. 

[0034] It is possible to deposit thin oxide films on various surfaces with the embodiments of the method 
according to the present invention. For example, it is possible to coat glass, iron or steel. Semiconductor 
materials, such as gallium arsenide (GaAs) and silicon, are also suitable substrates for the film. The 
advantages of the invention are, however, clearest in the treatment of surfaces the excessive oxidation of 
which is not desirable and which, however, tend to be oxidized when conventional oxygen source materials 
are used. Thus, according to a preferred embodiment of the invention, the process is used for depositing 
thin oxide films on silicon surfaces. 

[0035] According to the principles of the ALD process, the deposition of a thin film is carried out by means 
of alternafing saturated surface reactions. These reactions are implemented by directing gaseous or 
vaporized source materials alternately into the reactor and by rinsing the reactor with an inert gas between 
the source material pulses. 

[0036] In the option according to the invention, thin oxide films are deposited at a temperature which is so 
hiigh that, when becoming adsorbed to the substrate surface, a vaporized source material reacts with a 
molecule layer of a second source material, or that a vaporized source material becomes adsorbed as 
such and reacts with a second source material directed to the substrate surface in the subsequent step. On 
the other hand, the temperature should be so low that thermal breakdown of the source material will not 
occur, or that its significance in terms of the total growth rate of the film is very small. As regards metal 
alkoxides, this means that the process is carried out at approximately 200-600[deg.] C, preferably 
approximately 250-500[deg.] C. 

[0037] It is required that the source materials used in the ALD process can be vaporized and that they react 
readily with the other source material or materials selected for the process. 

[0038] In the context of the present invention, by "metal source material" is meant a source material in 
which the metal, boron or silicon atom will be in the formed oxide, and by "oxygen source material" is 
meant a source material which provides the oxygen for the forming oxide. It is, however, to be noted that 
the oxygen source material preferably serves as a second metal source, in which case the metal or semi- 
metal present in the oxygen source material is also present as the metal atom in the oxide. On the other 
hand, the metal source material may also contain oxygen, in which case it can also react into oxide. 
[0039] By "metal compound" is meant compounds of metals and, for the sake of simplicity, also 
compounds of boron and silicon. For the same reason, the term "metal" in the context of the present 
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invention covers not only the metals defined in the Periodic Table of the Elements but also boron and 
silicon. "Cycle" or "deposition cycle" for its part denotes a sequence wherein a metal source material is fed 
into the reactor, the reactor is rinsed with an inert gas, an oxygen source material is fed into the reactor, 
afnd the reactor is rinsed with an inert gas. Instead of rinsing, the reactor may also be emptied of the 
preceding source material by pumping before the feeding in of the subsequent source material. 
[0040] The oxygen source material is an alkoxide, diketonate. triketonate, tropolonate, carboxylate, ester, 
quinone (in particular orthoquinone complex), catecholate complex or carbamate of any metal in the 
Periodic Table capable of forming a volatile compound of the type concerned. It is equally possible to use 
an organic mefal compound where at least one group different from the others is bound to the metal. 
[0041] Preferably the oxygen source material used is a compound according to Formula II 
[0042] Mx(OR)a (II) ■ 
[0043] Formula III 
[0044] Mx(OR)a-zYz (III) 
[0045] Formula IV 

[0046] Mx(OR)aLy (IV) . 
[0047] or Formula V 
[0048] Mx(OR)a-zYzLy (V) 
[0049] In Formulae I l-V 

[0050] M is any metal of the Periodic Table of the Elements, boron and/or silicon, the M's may be mutually 
the same or different 

[0051] X is an integer describing the number of the M atoms, which number may be 1 , 2. 3 or 4, 

[0052] R is a hydrocarbon group, the. R's may be the same of different, 

[0053] a is the valence (sum of valences) of the metal(s), boron and/or silicon, 

[0054] z is an integer 1-6, in which case a-z>0, • 

[0055] Y is a llgand having a negative charge, but not an alkoxide, 

[0056] L is a neutral adduct ligand which bonds to M by one or several of its atoms, and 

[0057] y is an integer 1-6 and describes the number of bonding ligands. Formulae I l-V are gross formulae. 

At the molecular level the compounds may be oligomers, such as dimers, trimers, or tetramers. - 

[0058] Metal M thus belongs to group 1,' 2, 3, 4, 5, 6. 7, 8, 9, 10, 11 or 12 according to the lUPAC- 

recommended group classification of the Periodic Table of the Elements, 'or it is boron, aluminum, silica, 

gallium, germanium, indium, tin, antimony, thallium, lead, bismuth or polonium. It is to be noted that the 

metal rnay also be a lanthanide. Thus the metal may be, for example, lithium, s'odium, potassium, rubidium, 

cesium', francium. beryllium, magnesium, calcium, strontium, barium, radium, scandium, yttrium,. 

lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, 

dysprosium, holmium, erbium, thulium, ytterbium, lutetium, actinium, thorium, protactinium, uranium, 

neptunium, plutonium, americium. curium, berkelium, californium, einsteinium, fermium, mendelevium, 

nobelium, lawrencium, titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, 

molybdenum, tungsten, manganese, technetium, rhenium, iron, ruthenium, osmium, cobalt, rhodium, 

iridium, nickel, palladium, platinum, copper, silver, gold, zinc, cadmium or mercury. 

[0059] Typically it is desired to grow oxides of titanium, zirconium, tantalum, hafnium, niobium; aluminum, 

silicon, magnesium, calcium, strontium, barium, lead, bismuth or yttrium, or mixtures thereof. 

[0060] Preferably, oxides of titanium, zirconium, tantalum, hafnium, niobium, aluminum or silicon, or 

mixtures thereof, are grown. 

[0061] The same compound may have several atoms of the same metal or several different metal atoms. 
Typically there are a maximum of four metal atoms and a maximum of two different metals. Preferably 
there are one or two metal atoms. 

[0062] R is a substituted or unsubstituted, cyclic, linear or branched, alkyi, alkenyl, aryl, alkylaryl, arylalkyi, 
alkoxy, thio, amino, cyano or silyl group. Typically R is a linear or branched CI -CIO alkyl. Preferably R is 
ethyl, propyl, isopropyl, butyl, tert-butyl or isobutyl. 

[0063] According to a preferred embodiment of the invention, the oxygen source material used is a metal 
alkoxide according to Formula II, specifically a secondary or tertiary alkoxide. Examples of suitable 
compounds include tantalum pentaethoxide (Ta(OG2H5)5), titanium tetraisopropoxide (Ti(OCH(CH3)2)4), 
aluminum triethoxide (AI(OC2H5)3), and aluminum tri-isopropoxide (AI(OCH(CH3)2)3). 
[0064] The ligand Y in a compound according to Formulae II and V is preferably, [beta]-diketonate or a 
corresponding sulfur ol^ nitrogen compound, a hydride, an alkyl, in particular methyl, ethyl, propyl or 
isopropyl, a perfluoroalkyi, hallde, amide, alkoxide, carboxylate, Schiff base, cyclopentadienyl or its 
derivative. 

[0065] Especially preferably Y is a halide such as fluoride, bromide, chloride or iodide, a hydride, methyl, 
ethyl, 2,2,6,6-tetramethyl-3,5-heptanedionate, 1,1 1,5,5,5-hexafluoro-2,4-pentanedionate, 1,1,1,2,2,3,3- 
heptafluoro-7,7-dimethyl-4,6-octanedionate, 4,4*-(ethane-1,2-idyl-imido)bis(pent-3-ene-2-one), 
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pentamethylcyclopentadienyl, 2,4-pentadionate, or 1,1.1 -trifluoro-2,4-pentanedionate. 

[p066] The llgand L in a compound, according to Formulae IV and V is preferably 

[0067] (i) a hydrocarbon, 

[0068] (ii) an oxygen-containing hydrocarbon, 

[0069] (iii) a nitrogen-containing hydrocarbon, 

[0070] (iv) a sulfur-containing hydrocarbon, 

[0071] (v) a phosphorus-containing hydrocarbon, 

[0072] (vi) an arsenic-containing hydrocarbon, 

[0073] (vii) a selenium-containing hydrocarbon and/or 

[0074] (viii) a tellurium-containing hydrocarbon. 

[0075] Most preferably L is, 

[0076] (a) an amine or polyamine [chemical formula - see original document] 
[0077] (b) a bipyridine 

[0078] (c) a ligand which is described by formula 
[0079]VI 

[0080] in which formula G is -0-, -S- or NR-, where Ris hydrogen or a substituted or unsubstituted, cyclic, 
linear or branched, alkyi, alkenyl, aryl, alkylaryl, arylalkyi, alkoxy, thio, cyano or silyl group. The cyclic or 
aromatic ring of Rmay contain a heterpatom. The ligand presented in Formula VI may also have, bonded to 
the carbon atoms, either hydrogen or an R-Iike substituent.' 
[0081] (d) an ether, polyether, thioether or polythioether. 

[0082] It is to be noted that in the ALD process the metal-oxygen bond will not break but instead the O-R 
bond, i.e., specifically in the case of alkoxides the oxygen-carbotS bond, will break. By a selection of the 
metal so that the metal-oxygen bond is strong, it is possible to prevent or at least minimize the oxidation of 
the substrate surface. In general, the metal-oxygen bond is, for example, specifically in alkoxides 
thermodynamically quite strong; for example, in titanium alkoxides the average Ti-0 bond energy is 104 
kcal/mol, although it is kinetically labile, enabling ligand exchange reactions to take place. 
[0083] The metal source material used for the thin oxide film is a compound of any of the abovementioned 
metals of the Periodic Table of the Elements. . ' ^ 

[0084] The metal source material is typically a compound according to Formula VII of any of the above- 
mentioned metals. , 
[0085] M'Xb r " 

[0086] In Formula VII 

[0087] M' is any metal of the Periodic Table of the Elements or boron or silicon, as stated above, 
. [0088] b is the valence of M", and 

[0089] X is a negatively charged ligand, for example a halide (F, CI, Br, I), hydride, alkylamide 

[0090] NR2, alkoxide, aryloxide, alkyI, cyclopentadienyl or [beta]-diketonate. The X's may be mutually the 

same or different. 

[0091] The preferred compound type varies according to the metal, but in general halides, in particular 
chlorides, or alkoxides are most preferably used. 

[0092] According to the first preferred embodiment of the invention, oxygen-containing organometallic 
compounds (M(OR)a) are used in the ALD process not only as the oxygen source material but also a 
second metal source material. The oxygen-containing organometallic compounds react with the metal 
compound used as the metal source material: 
[0093] bM(OR)a+aM'Xb->MbM*aO(a+b)/2+(a+b)RX (VIII) 

[0094] It is to be noted that the metals M and M' may be mutually the same or different. The compounds 
used may be, for example, a metal alkoxide and an alkyI compound of a metal. 
[0095] According to the first embodiment of the invention, the same metal is used in the oxygen source 
material and the metal source material, in which case, for example, Ti02 grows through the following 
alternating surface reactions: 

[0096] (-0-)2Ti(OR)2+TiCI4->(-0-)2Ti(-0-)2TiCI2+2 RCI (IX) 

[0097] (-0-)2Ti(-0-)2TiCI2+Ti(OR)4->(-0-)2Ti(-0-)2Ti(-0-)2Ti(OR)2+2 RCI (X) 

[0098] where - indicates the surface and (-0-)2Ti(-0-)2Ti(-0-)2Ti(OR)2=(-0-)2Ti(OR)2, i.e., at the end of 
the two-step reaction 9ycle the initial state is arrived at with respect to the surface composition so that the 
film thickness has increased by the amount of the surface composition so that the film thickness has 
increased by the amount of the unit Ti(-0-)2Ti(-0-)2. 

[0099] According to a second preferred embodiment of the invention, different metals are used, in which 
case more complicated oxide structures can be grown. For example, ZrCI4 can be used as the metal 
source material and an organometallic compound of titanium as the oxygen source material in accordance 
with Formulae XI and XII. 

[0100] (-0-)2Ti(OR)2+ZrCI4->(-0-)2Ti(-0-)2ZrC12+2 RCI (XI) 
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[0101] (-0-)2Ti(-0-)2ZrCI2+Ti(OR)4->(-0-)2Ti(-0-)2Zr(-0-)2Ti(OR)2+2 RCI (XII) 

[0102] According to a third preferred embodiment of the invention, the metal source material also contains 
oxygen. In this case the source materials are preferably two alkoxides. In a reaction of two alkoxides it is 
impossible to say which one of the source materials introduces the oxygen into the forming oxide. It is, 
however, clear that a portion of the oxygen present in the alkoxides, either one of them or both, exits the 
system without binding to the oxide, for example, as shown in Formula XIII. 
[0103] M(OR)a+M(OR)a->2 MOa/2+aROR (XIII) 

[0104] where Rstands for the same as R In Formulae ll-V above. R and Rmay be mutually the same or 
different. ' 
[0105] One option according to the invention is one wherein two metal alkoxides react with each other, in 
which case the metals may be mutually different or the same; 

[0106] According to a fourth preferred embodiment of the invention, by the process according to the 
invention there is deposited on the surface of a readily oxidizing substrate material a protective layer, 
typically fewer than 20, preferably fewer than 10, and especially preferably approximately 1-5 atom layers. 
When the substrate has been covered with a film thus deposited, the deposition is continued by some other 
process, for example, by using water or hydrogen peroxide as the oxygen source material. The film grown 
by the other method may be by its structure or composition the same as or different from the protective thin 
oxide film. By the procedure according to the embodiment it is possible to optimize, for example, the filrh 
growth rate and/or the purity of the film. 

[0107] According to a fifth preferred embodiment of the invention, the substrate material, typically silicon, is 
treated in order to remove the native oxide before the growing of the film. When the silicon surface is 
subjected to the treatment, in which it is etched in an HP solution, is rinsed with ion-exchanged water, and 
is blown dry, the native oxide is removed and the surface beconries hydrogen terminated. Another 
alternative is to heat the silicon substrate in UHV conditions to such a heat that the native oxide sublimates, 
leaving a bare silicon surface, whereafter the substrate is transferred inertly, without exposure to air, to the 
ALE reactor, where an oxide film is deposited on it by the process according to the invention. 
[0108] The following examples describe the invention in greater detail. • 
EXAMPLE 1 

[0109] Ta205 films were grown in a flow-type F-120 ALE reactor (ASM Microchemistry Oy) at 
temperatures of 275 and 325[deg.] C. The source materials used were tantalum pentachloride (TaCI5) and 
tantalum pentaethoxide (Ta(OC2H5)5). TaCI5 was vaporized in the reactor by heating it to 9d[deg.] O., and 
Ta(OC2H5)5 respectively at 105[deg.] C. 

[01 10] The growing of Ta205 films was implemented according to the principle of the ALE process by 
means of alternate TaCI5 and Ta(OC2H5)5 pulses. The durations of the pulses were 0.3 s (TaCI5) and 0.7 
s (Ta(OC2H5)5), and the subsequent rinsing times were respectively 0.2 s and 1.0 s. The deposition 
temperatures were 275 and 325[deg.] C. 

[01 1 1] The films grew at rates of 0.1 3 /cycle (275[deg.] C.) and 0.5 /cycle (325[deg.] C). According to XRD 
measurements they were amorphous. According to TOF-ERDA (Time-of-Fllght Elastic Recoil and 
Detection Analysis) and EDX (Energy dispersive x-ray spectroscopy) measurements, a 160 nm thick film 
grown at 275[deg.] C. contained approximately 6.0 at. % chlorine, and its permittivity as measured from the 
structure ITO/Ta205/AI (ITO=indium-tin oxide) was relatively low, 18. Instead, a 250-nm-thick film grown at 
325[deg.] C. contained less than 3 at. % chlorine, and its permittivity was 23. The refractive indices of the 
films were 2.08 (275[deg.] C.) and 2.17 (325[deg,] C). 
EXAMPLE 2 

[0112] TixZryOz films were grown at 300[deg.] C. in the ALE reactor mentioned in Example 1 , The source 
materials used were zirconium tetrachloride (ZrCI4) and titanium tetraisopropoxide (Ti(OCH(CH3)2)4). 
ZrCI4 was vaporized in the reactor by heating it to 170[deg.] C. and Ti(OCH(CH3)2)4 respectively at 40 
[deg.]C. 

[01 1 3] The deposition of the TixZryOz films was implemented according to the principle of the ALE process 
by means of alternating ZrCI4 and Ti(OCH(CH3)2)4 pulses. The duration of the ZrCI4 pulse was 
maintained constant at 0.2 s, and the length of the Ti(OCH(CH3)2)4 pulse was varied within the range of 
0.2-2.0 s. The rinsing time between the pulses was 0.5 s. 

[01 14] FIG. 1 shows how the growth rate, the refractive index, and the Zr/(Zr+Ti) composition ratio and 
chlorine residues determined by the EDX method changed according to the Ti(OCH(CH3)2)4 pulse time. 
With Ti(OCH(CH3)2)4 pulses of over 0.5 s, both the growth rate (1 .2 /cycle) and the, composition (Zr/ 
(Zr+Ti) 0.45) were constant. The chlorine residues in all the films were below 1 at. %. The growth rate 
achieved in the process was substantially higher than that achieved in corresponding processes using 
water as a source material: Ti(OCH(CH3)2)4-H20 0.3 /cycle and ZrCI4-H20 0.5 /cycle. 
[01 15] According to XRD measurements, the films were amorphous. The permittivity measured from the 
structure ITO/TixZryOz/AI was 43. 
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EXAMPLES 

[01 16] AI203 films were grown by the processes according to Examples 1 and 2 by using as the source 
itiaterlals aluminum trichloride (AICI3) and either aluminum triethoxide (AI(OC2H5)3) or aluminum tri- 
isopropoxide (AI(GCH(CH3)2)3). The vaporizing temperatures used were 80[deg.] C. (AICI3), 135[deg.] C. 
(AI(OG2H5)3). and 1 10[deg.] C. (Ai(OCH(CH3)2)3). When aluminum ethoxide was used, an AI203 film did 
not grow at 300[deg.] C, but at 400[deg.] C. a growth rate of 0.7 /cycle was achieved. Instead, whieh 
aluminum isopropoxide was used, the growth succeeded already at 300[deg.] C. at a rate of 0.7 /cycle. In 
each case, approximately 2 at, % of chlorine was left in the films. 
EXAMPLE 4 

[01 17] AI203 films were grown by the processes according to the preceding examples by using as the 
source materials two aluminum alkoxides, i.e., aluminum triethoxide and aluminum isopropoxide. The 
deposition temperature was 300[deg.] C. and the growth rate was 1 .2 /cycle. 
EXAMPLES 

[01 18] AI203 films were grown by the processes according to the preceding examples by using as the 
source materials trimethyl aluminum (AI(CH3)3) and aluminum tri-isopropoxide. The deposition 
temperature was 300[deg.] C. and the growth rate obtained was 1 .3 /cycle. 
EXAMPLES 

[01 19] ZrxSiyOz films were grown by the processes according to the preceding examples by using as the 
source materials ZrCI4 (vaporization temperature 170[deg.] C.) and silicon tetraethoxide (Si(OC2H5)4), the 
latter being fed into the reactor from an external, thermostatically controlled (45[deg.] C.) source via heated 
pipes. The deposition temperature was 500[deg.] C, in which case the growth rate obtained with source 
material pulses of 1.0 s and rinsing of 0.5 s was 0.5. /cycle, and the films contained approximately 20 at. % 
of zirconium, 1 3 at. % of silicon, 64 at. % of oxygen, 2 at. % of chlorine and less than 0.1 at. % of carbon 
and hydrogen. 
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' Claims 

What is claimed is: . ' 

[0120] ,1 . A process for thQ fabrication of oxide films on a readliy oxidized substrate, comprisingrdepositing 
a protective thin oxide film onto the substrate by an atomic layer deposition process comprising alternately 
reacting the surface of the substrate with a metal source material and an oxygen source material, wherein 
the oxygen source material is a boron, silicon or metal compound which has at least one organic ligand 
and wherein an oxygen is bonded to at least one boron, silicon or metal atom; and depositing a second 
oxide film on the substrate by a second process employing a different oxygen source, wherein the 
protective thin oxide film protects the surface of the substrate from oxidation during deposition of the 
second oxide film. 

[0121] 2. A process according to claim 1, wherein the thickness of the protective thin oxide film is 1-20 
atom layers thick. 

[0122] 3. A process according to claim 1, wherein the thickness of the protective thin oxide film is 1-10 
atom layers thick. 

[0123] 4. A process according to claim 1, wherein the thickness of the protective thin oxide film is 1-5 atom 
layers thick. 

[0124] 5. The process of claim 1, wherein the protective thin oxide film and the second oxide film have the 
same composition. 

[0125] 6. The process of claim 1 , wherein the protective thin oxide film and the second oxide film have a 
different composition. , 

[0126] 7. The process of claim 1 wherein the oxygen source material used in the second process is 
selected from the group consisting of water and hydrogen peroxide. 
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1.2' 
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0 li«r« 
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-r- 
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■n(tfpi),;t;l/7.a>ft$ 
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M.(OR). 
M,(OR)„Y, 
M,{OR)JL, 
M,(OR)„Y,Ly 



ai] 

(ID) 

av) 

(V) 



1 . 2. 3^yci*4T*fey . Ri*. mt^M&xik^). 2)>ji±<DRt<h^t^\tKi^\zmcx*^'DXtm:tji 

^H]^vK-e(*^f<, Lli. 1 m-^m<Dm^^i\-Lxmzm'kt^^it(OiWJiiyfXh^)sylt. 

[if ^«5] mTMfi^Ttmcommmmom. 2m. sm. ^m. ems em. im. sm. ^om. 1 
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[It^il9] ^JiityfLiiK 1 ) m^k7Km. 2) mmt^mt:^m. S) Mm#=&mib7Kms 4) ^-^f-:? 
^^mitT^m. 5) U>#W^^b7K^. 6) tm^^i^^bTkm. 7) -tVV^W^^bTK^. 
fc(*8) ^;u;u#^^<b7Km-efc^^<t^!f#^<!:-t^l**il4i5i£a):^;£o 

0] LtK 1 ) 75>=tL<(*/-K'J75>. 2) e^'J v>> 3) ;:5^jtT'a$;K-i)'M>K[^b2] 

"^t. v7ytL<(*vu;uS-efcy . ±iBiea)^^iiJt-ri>#mmil^i*R^«i:i^^(Dt<z)r*feor . 
l:l^lc|5]l:-efcor^;M^i:oTl^rtc^:L^ai^s^wr^o] 

4) x-ir;u^;L<(i7K'Jx— t;u. t.fz\t^) ^;i-x-x;utL<(*7H'J5^:i-x-x;u-C:fc^zt^^#ili 

[1**111 T] '^mti^h^m.mw%w. 7tm(r>mnmm(D^(Dn^ti^<D±m(07)vzi^'y\:\ p- 

v'^T-h^'^-h. h'J^h^s-h. hP/Kp^^-hs :t);u7n>vu-h. xxt;u> ^yM#(c;t-;uh^y>ii 

iir-r^lt^^l *fc(*2tsm<D:^;£o 

[11*^12] ^ffl$ti^^Kmil*4A<^M7;u=i^vKT'fe^C«!:^4#^S<!:-r€)IS*^1 llHit0:^ 

hi *3I1 3] <$ffl$tL^i^#MII*'4A^^:3>JjeviTa^:K^^b^4^T~fei)w<t^*$^ 

t=(*2ia«(0^;io 

[^b3] 

M'Xb (VI) 

(F. cu Br. I). /N'TK^'TK. 7;u^;u75KNR2. 7;u=i4-vH\ 7'J-;^/^^vK. 7;u^;u. v^P 
[11*1114] i^#MJ^*4;{)^^7;u^;Mb^^^. ^m/\7'fK*/i(*#P7>iU3^vK-efe^c:,J:^!^m 

[if *iii 5] m-w,\m\tt^mmm±.\zm\mmm^\mt^-i5mzi^i^x. m^m^m±.\z 

[11*311 6] mmm\mnm<ow.Hm -20)1^1. j?*l<(*i -1 oi^^ s. m\z\t^ -sn 
[if *iii 7] m(j>i&^om\zmm^Pin(DmMt'^i^^^^^^:fm\m^^iith%^^^ 



file://C:\Documents%20and%20Settings\bepatterson\My%20Documents\JPO\JP-A-2001 -1 ... 6/7/2004 



JP-A-200 1-1 72767 



Page 4 of 1 1 



[0001 ]:$;f§BJIi, -fiSIZll^ jiJi^(ALD);^(D^g^Tt*PbnTl^'i)j^^lXt°^^V-(AL 
KilXX7^-(DASM Microchemistry Oy^^mMmizmi^^^Xl^^o *^B-fl(i. ^m;li<!: 

immzmi^Libxi^^o z^\t. m^^^^mm^n^tzisbiz. m^<omm<D^i3^h>LXT-mt^tj: 
(5«!:(ch>t-;^«3iE7^)<lt<^j:'&<bl^lcsi02 m^m<t^'^mtt^ib^i3^h>x&^o zor^m^mmt 
^fc«)fc. s\02^^^mmmm(ommwizm^^^^'j^m^ib^o "tom-^. m^^mmmtsio^ 
^^)tmi^mx&oxt^i\ 

nsulator) +1 /C(Si02) {zUzi3<^X±mm^m<i^^^ii^0'^\zmi^S\O2m^J\mt^i3\ 

L^^*si02Ji^±<ff^fi£L^j:L^o -iy')^:^mm.wto^m\zm%mzy^^ujL^-^m. tut>^ 
mm'^^\z'pf^i\ -mmwow-th^-m^iEmzmtfixi^^o 

[OOO4]vU3><^^^mj*<^0^®(C^l^SiO2l;t)<^^U^ii^.|^®jC®mW(Z;S1t^^^^ 

t%'^\z*pt^i^^U'^'o<^o\tmmxh^o Lfzi3<'DX. ^momj^it. s\o2m0m^i3^^m=Fi3^ 

[ooo5]v'j=i>±(c^ib!i^)i^±tw«ii^. i^^j^ymmimittmm^h^j. mt^^SiO^ 

M'^mmt^o v>ju><D^^b(i. m'itxmxmmt^mmmt<DRji^. mimmmwtoRm. 
^UMmmcDW^niz^^tox&^-^mm^^hoMm^tzmmmmti^mizsio^Mt'^ 

^t<ii^mmimm7.itzr02. HfOg. A\20^)x^^m'^.mitimmj:mx^m-^Hxi^mm 

M<r>Bmiz^^x<D^^^z^, -fSs t^t'^hiim<-\-i^\^^x'iit>^^^^.mt^^m[zu[wm 

[0006] ALD (ALE. ALCVD) li, ^J^(^^i|!^i^||4O5843O■i■;b^b^^50a)^lifig:^(Cffll,^-S 
m}£-efci)o AnAn-SM;* I^JJINTI*. i^yiiLt&fna®J5f£:icJ:oTji)]I^±i»^-a-'i)o Cttb(DS 
ItWi. m**:*/i(im^b^#fcm^J|st^J5lt^S4'lci^yigLri2^yji^, ;^)^7{)^'5)jl*^5^(^>/'?;^X(orB1 

IC^jStii^'X-ejRi^S^/^jf ^CitlCcfcor^T^tl^CT. Suntola, Thin Solid Films 215(19 
92)84; Niinisto et al. , Materials Science and EngineeringB41(1 996)23)o Hl^i^Uii 

m\±.^Mmt^(r>\tiEmt>'^r:>mm.xhho ALD;i-c±i»ucM(*. x^umMmo)^'^x^±mz 
iooonfKLD[zisii^xm\miin.x'^mti(i^±w>m.Pin\t. ^«r>mm<r>±mt^mxh^). 

(C/\P'tr>'fb!|^> T;U=i^vK\ p-v<rh^-— h. T)l^)l. iy<pn^>'^\>Ji-)imPHt. M Lesk 
ela and M. Ritala. Journal de Physique IV9(1 999)Pr8-837 ; Niinisto et al. , Material 
s Science and Engineering B41 (1 996)23)o ft^>-iS6*JlCi^ffl^tl^^^/^i*^^(i^ 7K> i§ 

mit^m^^xftvy-Q^^oT)i^-)i^. mM^^xs-mit=immtmi^ii>^xi^^o :ihii>(D^ 

x\mmit-^mzmi^^^^eoo°cM\u^)^mx(Ds.j^\t$^-^iz^-t^Ax&^t< 
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M(OR), + a/2H20-»MO,a+aROH, (I) 

[0009]CCt:\ Mlt±m^nU RI*^^b7K^. "irLXalt^mMOm^mV&^o ^JiT^Uu^v 

h>tji^fkit^^^f&t^ALD)^^UW.LXl^^{Drozd et al.. Applied Surface Science 82/83 
(1994)587)o L3b^L^^3{)^t). i±i^fl<J'>IS(D#M;i|-^V^<btia)J^A^5G0''CJ;yi£lV;aJtr*ffifl 

Q-\ixit^mmmf^thxi^^(Di3m\^^xh^o 

[001 1 ]3^f|B<§<7) S «£3l5S^fflc#B|-r^PB^Ii^il<-r<!:<i:t(3. ALDlc«fc-i>^<b!^^IM(DJig 
[001 2]*^Bj(i. ALD;£lzfcL^r . ^M^b^!|^i:c);<J5)S-r^;!)^\ *M(7)^^blcl|LT(*<i;y JSI* 

(om^mmmm^^^mt^ti^^7-(i'^7iz&'5i^xi^^o t^ii^^mmmtLxit. mmm'^f3< 

mizU'^Lxi^^it^mti^miihh^o n-^l<\tikm7M^i^mmmtMo ^mm\z{t. * 

mmy3mittmm-\<o'^mu'A\zum^^tztz:biz^''mm'^HihH^o 
[ooT3]*^B^(cJ;or7^l^^^:y(7)flJJS A<^#bn^o i^fju^mmmmMz^-DX. ALD^m^it&MB. 
m(omit<o<i:'?iz^B0mmmmu^mm^±c^^otj:mmztmmt^ztii<x^^ 

^BM\zt^t^:b^mt'^^^<0^m\zUm^'^LXLXl^^<r>X\ »iSa®(DK<bl±*JS-Km*g 

-^ormmmtt^o ^m-m.mm'^\t±miB^is\t'^^omm(r>m.mz%^mtw^^o 

Uzt^'Dx.m7L\t:^%mz^'oXM.D^mi^xm\mnm'^'y')^:ymM±.\zis^^^ 

-So m.m^^\^wp^tLx^^m-^wm%^m^±m\t^^. ^^\z±m7)i^^^'^\^\txni^(D^ 

]!i(C•^L^T^albnrL^'S)o Lfc^b^oT. ^^b!t^fll3t'4''^a)^a#IS-r:i-><7)#A(**^W(7>^.^lC 

2W3|sHc<i:-g>A<. i-ti-'f'^;bfetcy$^o. i-aA.aMWiciio. 5~i. Akx^^o 

[001 5]2^gia):^.^(cJ;yii«LfcM(D*#14(i. 'ft!ia):^;i(c<fcoTltWUr)l(D!|#1t(cffi^1-€)t 

oxhho Ltzij^-DX. mitmMm(Dmmmit§^<<j>^^<pciJiiy^[^n-<p7.mmz-\-^tj:t<ox^ 

^6o^6mT.m^(o^^^y^ml^x:^mm^^mm^zmmt^oml^t.Ti(ocH{cH^)2)^^< 
)ixmB^(Dm^tLxm^mmis<i:ifmmm^yFtomzit. Ti(ocH(cH3)2)4y\°>uxB#rBi(Di^ 

[ooi7]*fi0j0:^;£(c<fcor.il>t74~^®±(c^^b4^-^)l^Jt«1-^c<tA<pigir*fc€)o^J^(i^^ 

'^^ommmm^mt^tmit^ti^m\^(D^^^m(Dmm[z^i^xmtm^x^^oLfzi3^':> 
X. :$^mM<oiif^Li^mmiz^^it. :^i5mt. iy')zi:ymm±izmimmm^^tii^-^^tzi^^iz^ 

[001 8]ALD;5(DJlIilcLtrA<oT. -^DiCDffi^tiK*. ^S^® J5lt^^^|JfflLr^Tt5;t^'i>o Z^h(D 
^^^>■rCc<!:lcJ:orll^T$;t^^o 
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f ^tT'fe^o LtziJ^-DX. ^Jir;U=l^vK(C|^Lrii. :^l3}m. $^200-600°CT:\ »*L<(i 
[0020]ALD;ilcfcl^r15^ffl$;t^'SJll4(3Ol^r(i.^;t^b;i<m^b^tL'5c<^A<^^^ 

tbizM^^^tzm(ommtm^izRmt^sti^'^ztf3<^^t^^o 

titzmim^izmmmmMu "mmmm"tit. iimt^mimotzsbomm^^cmm 
mmt^oLii^L. mmmmim^L<{tm2(D^m}Mtms :i(Dm'^iz^i^xtmmmn^\zn^ 

t^^m-^fzit^F^mt<mit^^iz±mm'^tLxn^t^ti^^ztiz)mt-<^vib^o-i5s 
^mmnt^tzm.mt:^t:ztti<x^. zom-^iztsi^xts-mLxmitrnztj:^, 

mt^o mmtm^x\ :^m^t(DmmizisisXsmm"±m"\zit7tm<r>mmm\zmm^M^m 

ioo23]^i5mizmt ^m^j. "-^f-^^pji-^tzit-mmv-^^pji-it. ^mm'm5.jtBiz^.fi^L. s. 
ft^is^^y^m'xxi^t^. mmmm^&m^izmii^u 'tLx^f;b^i^^:^7^m7.x^t<*-m 
onm^yFto ypt^(Dii:t>mz^ ^x<D^^n(D^.m<omizJssLAm3nz^'Dxm<omm^j^^fj^ib 
±^m)ti^tztt}<x^^o 

ioo2^mmmnit. m^tmm<Dw^mt^mMt^ztt<x^^mmm<D&i^^^±m 

<Z)7/Uzi:^vh\ v^K:f^-h. hU^K^-^-h. hP/-KP^^-h, :b;U7tf^vb-H. xxx;u. 

':>o)&ti^^mizm'^Lxi^^^m^mit^m^mmt^ztf5i.mx^^o 
ioo25m^L<it.^m^Mmmmm\tTs&^0itt^x&^o 

^11 M/OR)^ (II) jCIII MjiOR\_^\^ (III) ^W^tzlt M^(OR)3Ly (IV) i^V M^(OR)3_J^Ly (V) [0 
026]±IHxeII-'V(cfcL^r. M|*. 7E*Jll««a0fcbP0^^Ji, t-'tfmiS^Uiy'Jziyxm. tBS 

izm-x^^xijmtji^xi^xt^i\ xii. Mm=f0^^mtm^x^^). i , 2. 3^tz\t4xh^. 

>0lI^0(jI^fiiBa)^i+)T*fc^.z(i. -er-fcu. ca)ii^(cfct^Ta-2>o■efc'g). y 
(*> M0miSf^^-r^'J:^*>KT'fc-5)3{)^\ T)l^^iyfXltUl\ Lit. ^^It^itJpifei'J^VKT'fcy. 

[0027] jeiI-V(i«ElllS(7)jCT*fc*o U^;UT*I*. -fb^il^li^^rT-. h'jT-*fc(*xh^T- 

2, 3, 4. 5. 6, 7. 8. 9. 10. ^^mz[t^2\zW.t^t\t.fz\tt-^m.T)l^-^L..^y^)z\y^1S^) 

A. XKP>f^'i7A. /\*'JOA. ^v't7A. 'T'^h'JOA. ^>'$i>, -tr'J'^A. 3^^-l2;tv 

A. :f^;i-vA. ZfP^^'^A. -tl-T'J'^A. a-Pe't?^. :^*K'J-'^A. x^ue't?^. i^T^Z^PvOA. 

::^Phy^^-'^A. '^^-'^A. ^>:f5^-0A. :^;uhr:H7A. 7pt'jv't7A. ^i'j'^A. /\*-'^'j't7 

A, :^;U7t-N-'^A. T-OX^-f^A. ^x;U5':7A. ;/>xbe''t7A. y— K'JOA. P— b^vf^A 

=f^^-OU. v^m-HjA. j\z?-Ou. A-)-i>OA. -tz^. ^y^ju. -5'PA. -^i^yx 

A. -«v>r;i.. /N'^v'^A. Zf'y'J'i-. m. Sti^V ti\^^'^A^tz\t7mx^^o 
[0028]-|§(Cli. ^^>. vJ^Uzi-OA. -Ji^^^U. /x^-f^A. -t^. T^US-'^A. v'J=i>. T 
^>sv't7A. :^;UvOA. XKP>^'^A. /^'J'^A. eXT7.^f-li'r^>h'J't7A. ^/di-^tibO) 
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[0031 ]:*:M0J(7)^^^Ll^al#(rd;;t^li^ iS^ffl^ti^^mil*4li. 5!:illz<l:^^MT;u=i^vK. 

3)fc^<^i;7;U5-'l7AH'J--rv:^P7K^i/K(AI(OQH(CH3)p3);b<^lf^)*L^ 
[0032]ieiIfc<fcU^V(Cj;-S^b^tl4^<7)'J**>h*YI*,p-v^h^--h*fd*ffiS«-r^^ 

[0033]^^lc^f*Ll^Y(*. »<b!t^. ^itm. ^itm^tdt^'^imo^^tdinn^yim, TKi^^b 

!^ . p(T;U. X5^;U, 2, 2, 6. e-xh^^f'JU-S, 5-^3^^>v:t:^-hs 1, 1, 1. 5. 5, 5-^ 

^■ti-3';i/;i-p-2, 4-^i/:$i>v;i-:^-h. 1. i. i, 2. 2, 3, 3-^3^^7';u:i-p-7. 7-vy5^;b 

-4. 6-t<7^yi>:i-^—h. A, 4'-(X^>-1, 2— fv;U-fSK)ex(^>h-3-X>-2-:t 
».^>^j>t5^;Uv^P^>'$fvx-;u.2. 4-<<>^i5;i|-^— h^fclil. 1. 1-MJ7;U^P-2. 4 

[0034]i!iIVfccfci;V|Ccfe-S^b^!|^4^(DU:'3^>KL(i. (i)^^b7K^v(ii)^^#^^M*> (iii)S 

*^^m^b7Xm. (iv)>r:4-0^^mib7K*. (v)';>-^^jt^b7Km, (vi)t^^^m^b7K^. (vii)i2 
^>^^m<b7K^^3,l:l;.^*fcli(viii)TJ^^^#Wlt^b7K*7!)<^?*LL^. 

[0035]ft4,*f*Ll^LI*. (a)75>^^c(*7K'j75>, (b)eegi^>, (c)TIB5er*a$tu^'J*> 
K:nb5] 

EtlltL<(*^=Kti(7)7;uJF;u. 7;i/^~;i'> 7'j--/u. 7;u^;u7'j-^u. 7U-;u7;i/^;u. 7;u 

: □^i/s i/77*fc(*'>'J;U*T?fc'5o R^CDm^^tzltj^mmMlt. ^xP)I^^#^-Ct^Tt 

(d)x-7^;u, tK'Jx-x^U. ^;j-x-7^;u^fcli7K'J^:*-x-x;u-Cfe'i)o 
C0036]ALD:?P-l2;^it'T*(*#IS-^^3SS^MlI^tL^i:l^A<. ^(D;!)^+:»''J(zo-R^^, -r^P^b 
!^lc7;U=i^vK(Dii^(cliM^-M^3S^A<56iI^n^o #B-^m$£^^?li@(c-r>S<i;a 

'5<D^nIfig<b-r>5frA6(D^i4)fl<jOT-O^g^x4'WU^-(i104kcal/molT:fc'5)o 

[oo37mit'^mm\zmmt^±mw4m.7zm0mmmm(D±BLtzi^irM±m<Dit'^'mv 
^mmMt. •^tawlcli±lBL^-rHA^cD#M(DIl:vII(cJ;i)^b^!^■e&^o 

[^b6] 

M-Xb (VII) 

[0038]iCviltf > M' (i. flK!i(Z)<fc-5(c. 7tmomW{WB.m^'fM^(D^M^tzlt7\-s^mi^fzltiy*) 
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zi^Tfey. b(*M'<Dl^^ti-efcy.Xlim(3:^mUc'J**>h\ tri:A(*/NO>r>^b!|^(F..CU Br.. . 

[0040];*:|IWa>^1 (Dif *U^SI^lcJ;tl(^. ALD:^P-bXi4Jr% SM^Il3|s^f£(t■e^j:<^2<D^JR 
bM(OR).+ aM'Xfc-^MbM',0(..byj + (a+b)RX (Vffl) 

[0041 ]*^Bj(Dmi osi^izd;n(i\ m-^mi^mmmn^^is^mmn^x^m^H. "torn 

(0-0-)2Ti(OR)2 + TiCl, -> (e)-0-)2Ti(-0-)2TiClj + 2Ra (IX) 



(D-0-)jTi(-0-)2TiCla + TiCOR)^ -> (£)-0-)2Ti(-O-)2Ti(-O-)jTi(OR)j + 2 RCl 
CX) 

CCT:\D-(iSSJ5J:Ut(D-O-)2Ti(-O-)2Ti(-0-)2Ti(OR)2 = (D-0)2Ti(OR)2 ^B. 

to ttatf-ib. mmmmmzmLxit. 2^^^ft-^-«7)[.(omtmx^mmmzf\mu mmitm^ 
mis.^omiz^'oxmmu ^tzmmitmm\i-o-)2Tii-o-)2 omiz^^xHixitho 

im<Dmi^t<J$.^X^^o tzt^lt. 5£XIfc<feU:XIIIZti£or. ZrCI^ ^#MII*4tLTfi£fflT*^. 5^^ 

nb9] 

(€>-0-),Ti(ORX + ZiCI,-^ (D-0-)jTi(-O.)iZra2+2Ra (xi) 



(£)-0-),Ti(-0-)5ZrCl, + Ti(0R)4 -> (O-O02Tif-O02Zr(-O-)jTi(OR), + 2 RCI 
(XH) 

[OO43];*:^B^(Dm30j?*U>^^ICj;tl(^, ^MI^*'4l*Km=t^t^o -Olf^. Jl3|4l*20a)7 

;^zlaFvK■x:fe^Z(!:7{)<^^^^LL^o 2o^D7;^=l^vK(DJ5ct^l3fcu^T. miti^r^f$.(Dm. mnoif-^ 
-MK tzt^i:£^xmiz7F^^:b^o{z. -ysttzitmyDtmimt^-^-^tiz^ mzn^t^:it 

[^bio] 

M(OR), + M(OR')a -> 2 MO,^ + a ROR' (XIII) 

;iZX\ R' (*±IBj!:iI-Vit'(DRtl^-T*j5>i.o R<!:R' (i^il:lc^^|-T*tm^i:oTl^T^lJ;L^o 
[0044];$:^Bj(zd;^io(DM^Kii, 2o(D^S7';u=iJpi/K;&<SiMcjgj^:-r'l)::<tT*fcy. 
^,#M(*^@S(c|Hl--etM^i:orL^TtJ;l^o 

[oo45]*^BJ(D:^;£lzJ;^m40$^*u^s^il*. m^izmitt^^u^nommiz^ itmmiz 
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cfcoT. mmmit^mmtm-X^'DXtmti:'oXl^Xt<^l\ *S4ilcJ;^^)li(Cj:;h(*. tztXlt ' 

[OOAVlllite^JITajOgfll^:?^— 20ALEJ5f£;f|(ASM Microchemistry Oyii)P»3-e275S 

^vK(Ta(OC2H5)5)T'fcofroTaCl5(i-etL^90°CIZ,-eLrTa(OC2Hp5li-^^ 

C0048]Ta2O5liI(Di5jc:g(*^S(7)TaCl5SU*Ta(OC2H5)5CD/^;UXIZ<fcyALE:>'Piz7.(DlIS(Ct^ 

oT||^T$Hfco/'?;U::^0$lli^B#rBl(*O. 3s(TaCl5):ai;0. 7s(Ta(OC2H5)5)T'feofco-eUr.i^ 

<^;fB#FBl(i-f-;h^;KO. 2s:RI;i . OsT*feotro ±i^;S^(i275St;325''Cr'fcoyio 
C0049])ji(i0. 1 3 A (275°C) :RI;o. 5 A (325°C) a)iiJfefi)c:lLyio XR 

ommiz^hit'thi^it^^^Bmxh'DtzoTOF-ERDAimm^mw^sxmjkis^ih'^mTim^^ 

ol^Flight Elastic Recoil and Detection Analsis))&i;EDX(X^s;U^— ^^tfe:^jJ:Xi||5i'7fe^(Energy 
dispersive x-ray spectroscopy)) (D;IiJ^(3<J;tll*\ 275"'C-ei?)cftLfcJl$1 60nm(;)Jlli R-^e.* OJl 

=f-%0i^m^^^u mi^wnoyTap^yAmq=^>i^^A-mit7.x)i)^i^mmt^ixtzt(ot 

LXm'tOmnmt^y^miZigK. ^aX^ofzo t>^t>':>X. 3Z5°CXf^mUzm^250nm(DBlt3 

m'f-%^m(Di§,m^'^^Lt<Dmmmitz3xh^tzo'ttih>m(om^mit2. 08(275°c)>u:2. 

17(325°C)Tfeot-o 

[0050]||»j2Ti^ZryO^Jl^|lig#IJ1 |CT3^^fcALEJ5j;£:§lrtT'300°C(CTfig:^$#/=o fflL^b 
^fzmnitiyJl^:3=.^A'rh'7<70^)\-*{ZrC\^)JkU^^>^\-'^^^^ 

^)X^'otzo ZrCl^li-eJtl^l 70*'CIC, ■eLTTi(OCH(CH3)2)4l*^jK^40°ClZ-e:h,-e'4l*af!ft-r'S 

ztiz^'Dxs.m^p^izx^it^ittzo 

[OO51]Ti^ZryO^M(DJtSl*^i:0ZrCl4St;TI(OCH(CH3)2)4fl)/^;UX(Cj;yALE3^P-l2X(O 
I^SICt^&oTH^T^^lfcoZrCi^CD^m^liO. 2slCT-^IC$tl#^FtL, Ti(OCH(CH3)2)4/<;UX 

C0052]Ml(*fi)c:l3ijts Sfif^s JSi.XSZryiZr+T\)mm^JkXfEDX}iilZ^^X}k^^htzi§,mm 
g!^7!)<Ti(OCH(CH3)2)4/^;^XB#rB1IC^j£-^T$^1pI(C^^bLfcA^^^FLrL^>&o 0. Ss^^^TCDTi 

(OCH (CHg) 2)4/ figftiiJt ( 1 . 2 A y-^-CPJl.) tmf&iZrX (Zr+Ti) 0. 45) ^1ji3<- 

^x^^tzo ±x0m(Dikmm^m^t^ lli^%^Tlslo/co ■e<D:;^p-tzxicrBfig^;KfcJi)cfiiiJt 

(i.Jl#4<!:Lr7K$ffll^fc|i^el(D:^P-bX■r^^t^*>TI(OCH(CH3)2)4-H20St;ZrC!4-H20(Cfc 
L^r^J$$tlfcfig:^iiJtO. 3 A/-9->r^;USt;o. 5 A/■9■-f<7;^J;^J^,||SMlcS;t)^ofco XRDiSy 

^ic<i:tLi*. mitt^^nxi^otzomi&moyji^zr^oyAt^^mmthtzmmmit^sxib'D 

tZo 

COO53]||]!ife0lJ3Jl*4<i:LT7;U5-'^AhU^P'JK(AICl3),bT;U5-'t7AhUxh^vK(AI(OC2H 
5)3);b^T;^5-'t7AhU'1'V^P7K4^vK(AI(OCH(CH3)2)3)(Dl^■rnA^t^ffll^T.IIW^ 
(Cj:i)^PtXlZj:yAl203iI^i^:^$1^fcofflL^fr^^b;Ui[(i80°C(AICl3). 135°C(AI(OC2Hp 
3) 1 0°C (Al (OCH (CH3)2) 3) X^-Dtzo T^Ua--^ Axh^i/K^fflL^fcli^iCl*, Al203Mli 
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Lxmi^x.z^txommmiz^^-:fa-^7.iz^^)A\p^m^j$.^^-i^tzoi^m'^mit3oo°^^^ 
ioo56mmm6mntLxzrc\^{%it)^^^^7o°c)Rumm^hfzm^^mx9\^U(Dmmlzm^ 

xommm\z^^-:fn-[z7.lz^^)Zr^s\^o^^m^^-\i:fzo li«;S^(*500°c-efcofco . 0 

s(OmW^Ji:^tO. 5s(Dm^\ZMn^htzftimMmtO. 5Ay^V-'«P)lX\ flil*R^20JI^% 
0v;U3- A. 1 3jI^%a)v';=J>. 64m=F%(DMM> 2m=F%(Di^ms "tLXO. 1 m=F%^M 

0^mti\^m^t^Ltzo . 



imm^^mn^ummm^T\iocH{CH^)2)^/i)i7.mii(Dm^tLxnt< 



mm 



[Ml] 





< 




1.2- 




1.0. 






\ 


D.B- 


< 






D.0- 


fR 




IK 


- 












o.o« 



0.0 



14) 



Tl(0*Pr)4;tJl/7.fl):^$ 



to 



Z4 



2.3 



2^ 



- 2.1 



Z.0 



to 
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